In order to gather basic reproductive information of the water deer and Reeves' muntjac, the immunolocalization of the cytoskeleton proteins in the testes and epididymides of these two species was investigated. The distribution pattern of cytoskeletal proteins in these two species was similar. The desmin was detected in the peritubular myoid cells of the testes and the sub-epithelial cells of the epididymal ducts. Vimentin was observed in the myoid cells, Leydig cells and perinuclear region of the Sertoli cells. Intense immunoreactions for α-smooth muscle actin were restricted to the smooth vascular muscle cells and the peritubular myoid cells in the testes. From the present results, it appears that these distribution patterns of cytoskeletal proteins may be common in the cervids.
The water deer (Hydropotes inermis) and Reeves' muntjac (Muntiacus reevesi) both belong to the family Cervidae (order Artiodactyla, suborder Ruminantia). The water deer shows anatomical differences from other deer species by phylogenic evidences, including the absence of antlers and the existence of well-developed upper canines in the male [10, 24] . There are two subspecies: the Chinese water deer (H. i. inermis) and the Korean water deer (H. i. argyropus). Although the status of the Chinese water deer in China has declined drastically [39] , in contrast, the over-populated situation in South Korea has caused various conflicts to human life, including severe agricultural damage.
Reeves' muntjac is one of the muntjac species and can be found in southeastern China and Taiwan as their habitat. The males have antlers, and their upper canines are apparent and protrude from the side of their mouths. This species was introduced into Japan as an exhibition animal and naturalized in the southern part of Chiba prefecture between the 1960s and 1980s [6] and onto Izu-oshima island in 1970 [27] . In the genus Muntjac, some studies on their reproduction and growth have been performed [11] [12] [13] [14] . Macroscopic and histological observations of the male reproductive organs of the Korean water deer have been performed and demonstrate that the Korean water deer possesses the same four typical accessory reproductive glands as other ruminant species. Seasonal changes in size and weight of the testis were also clearly noted, and the breeding season of the animal has been shown to be from October to December, when the male re-productive functions are most active [31] . The male breeding season in the Japanese population of Reeves' muntjac has not been clearly reported, however, the parturition has been observed throughout the year in Chiba prefecture, Japan [27] .
The cytoskeleton proteins are comprised of microfilaments (actins), intermediate filaments (desmin and vimentin), microtubules (tubulin), neuro-filament proteins, glial fibrillary acidic proteins and cytokeratin. Their roles in cellular structure and function include maintaining cell shape and polarity, positioning of intracellular organelles, forming of cytoplasmic extensions and anchoring of organelles to the plasma membrane. The localization of testicular cytoskeletal proteins in several species has been immunohistochemically examined, including pig [33] , sheep [32] , buffalo [15] , cow [18] , lesser mouse deer [30] , camel [29] , Japanese black bear [23] and rat [40] to elucidate the functional roles of the cytoskeletal proteins. These studies revealed that the testicular localization of each cytoskeletal protein was different among species and the distribution pattern changed with testicular development. However, studies on the testicular cytoskeletal proteins in Cervids have not been reported. In this study, therefore, the distribution of cytoskeletal proteins in the testes of the Korean water deer and Reeves' muntjac was examined immunohistochemically to gather basic reproductive information for wildlife management and conservation for these species.
Testes and epididymides collected from five adult Korean water deer and three adult Reeves' muntjacs were used in this study. Samples from road-killed Korean water deer were obtained within the period of late September to December, 2011, in Korea. Three Reeves' muntjacs were culled for the purpose of population control in Chiba prefecture, Japan, in March, 2005. The testes and epididymides of these animals were fixed in 10% formalin. The samples were transferred to 70% ethanol, dehydrated in graded series of ethanol, cleared in xylene and embedded in paraffin.
Tissue samples were cut serially at 4 µm thickness and placed on silane-coated slides (5116-20F, Muto Pure Chemicals Co., Ltd., Tokyo, Japan). Deparaffinized sections were used for hematoxylin and eosin (HE) and stained immunohistochemically using the avidin-biotin peroxidase complex (ABC) methods [21] . In this study, each process was treated in a microwave processor (MI-77, AZUMAYA, Tokyo, Japan). For the antigen retrieval, the slides were placed horizontally on a turntable and incubated for 15 min at 97°C in the retrieval buffered solution (Target retrieval solution high pH, S3307, DAKO, Glostrup, Denmark). The slides were then immersed in methanol containing 0.3% H 2 O 2 for 10 min at room temperature to block the endogenous peroxidase activity. To prevent nonspecific staining, normal goat serum (1:50, S-1000, Vector Laboratories Inc., Burlingame, CA, U.S.A.) was applied to the specimens. The sections were then irradiated for 20 min with each primary antibody in the microwave followed by the instruction manual of the microwave processor. The primary antibodies used in this study were the following: monoclonal anti-porcine stomach desmin in mouse (1:50, code M724, DAKO), polyclonal anti-calf lens vimentin in rabbit (1:100, code VIP, MEDAC, Hamburg, Germany) and monoclonal anti-human α-smooth muscle actin (α-SMA) in mouse (1:1,000, Clone 1A4, Sigma Chemical Co., St. Louis, MO, U.S.A.) [17, 20] . For second-ary antibodies, the sections with biotinylated anti rabbit IgG in goat (1:200, BA-1000, Vector Laboratories Inc.) or biotinylated anti mouse IgG in goat (1:200, BA-9200, Vector Laboratories Inc.) were irradiated for 5 min, and then the sections were incubated with ABC-kit (1:2, PK-6100, Vectastain Elite ABC kit, Vector laboratories Inc.) for 5 min. The binding sites were visualized with tris-HCl buffer (pH 7.4) containing 0.02% 3,3'-diaminobenzidine hydrochloride (DAB) and 0.006% H 2 O 2 . After incubation, the sections were washed with 0.01 M phosphate buffered saline (PBS, pH7.4), dehydrated in graded series of ethanol, cleared in xylene and coverslipped. All images were taken by a BX51 light microscope (Olympus, Tokyo, Japan) equipped with a digital camera (DP71, Olympus) connected to a computer monitor.
The testes and epididymides of both Korean water deer and Reeves' muntjac possess general histological structures that are common in most mammals. The elongated spermatids in the clearly opened lumen of the convoluted seminiferous tubules and the spermatozoa in the deferent ducts were recognized in all specimens used in this study. In addition, the polynuclear spermatids and the exfoliation of spermatocytes into the lumen were not observed (Fig. 1) . These observations obviously indicated that the active spermatogenesis was performed in these specimens. Desmin was immunohistochemically detected in the myoid cells of the seminiferous tubules (peritubular myoid cells) and walls of blood vessels in the testis of Korean water deer and Reeves' muntjac. The sub-epithelial myoid cells of epididymal ducts also showed the immunoreactivity for desmin (Table 1, Fig. 2C ). The immunoreactivity of vimentin in the Korean water deer and Reeves' muntjac was shown in the peritubular myoid cells and perinuclear region of the Sertoli cells ( Table 1 , Fig. 2A ).
In the Leydig cells, the immunoreactivity of vimentin was detected in both species (Table 1 , Fig. 2A ). Vimentin immunoreactivities were also shown in the sub-epithelial myoid cells of the epididymal ducts and the stromal cells among the ducts (Table 1, Fig. 2D ). An intense immunoreactin for α-SMA in two species was restricted to the smooth vascular muscle cells and peritubular myoid cells which surrounded the seminiferous tubules in the testes (Table 1, Fig. 2B ). The sub-epithelial myoid cells of the epididymal ducts also showed immunoreactivity for α-SMA.
There have been very few papers on anatomical observation of the Korean water deer and Reeves' muntjac. The male genital organs [31] , the rumen structure [21] and the branching pattern of the aortic arch [4] have been anatomically studied in the Korean water deer. In the genus Muntjac, the parotid and mandibular glands [1] , lingual papillae [2, 37] , endocrine cells in the gastrointestinal tract [3] , Harderian and nictitans glands [28] and facial scent gland [9] have been anatomically and histologically observed. However, this is the first report on the immunohistochemical localization of the cytoskeletal proteins in the testes of the Korean water deer and Reeves' muntjac. The present immunohistochemical study demonstrates a pattern of localization of cytoskeletal proteins, including desmin, vimentin and α-SMA in the testis and epididymis of the Korean water deer and Reeves' muntjac. This localization pattern suggests that the contents of the cytoskeletal proteins in the Korean water deer and Reeves' muntjac have a similar structure in the testis and the epididymis. Desmin was not expressed in the testicular cells, such as the Sertoli cells, spermatogenic cells and Leydig cells. In several mammals, desmin was found in the peritubular myoid cells; for example in the sheep [32] , water buffalo [15] , Japanese black bear [23] and rat [19, 34] . In the lesser mouse deer, however, desmin was detected only in the wall of blood vessels [30] . In this study, the immunoreactivity for desmin was detected in the peritubular myoid cells, blood vessels and the sub-epithelial myoid cells of the epididymal ducts. From this result, the pattern of the desmin was shown to be different between two Asian cervids (Korean water deer and Reeves' muntjac) and mouse deer (Tragulus javanicus). The desmin localization pattern in the mouse deer belonging to infraorder Tragulinae may be characteristic among ruminants. In the testes of the Korean water deer and Reeves' muntjac, the immunoreactivity for vimentin was detected in the Sertoli cells, peritubular myoid cells and Leydig cells. This finding was also reported in the rhesus monkey [38] , rat [7, 35, 40] , human [8, 16, 40] , South American camelids [5] , sheep [32] , bull [36] and lesser mouse deer [30] . Therefore, this localization pattern might be common in mammals.
Alpha-SMA, in the Korean water deer and Reeves' muntjac, was shown in the peritubular myoid cells and the wall of blood vessels of the testis and in the sub-epithelial myoid cells of the epididymal ducts. The peritubular myoid cells of the testis appeared in desmin, vimentin and α-SMA. The peritubular myoid cells play an important role in contractions of the seminiferous tubules to transport spermatozoa and testicular fluid [25, 26] . Therefore, desmin, vimentin and α-SMA may be related to the myoid cell contraction. Likewise, cytoskeletal proteins were detected in the subepithelial myoid cells of the epididymal ducts. Therefore, these three cytoskeletal proteins might play collaborative roles in the epididymis. In the present study, the localization of the cytoskeletal proteins in the testis and epididymis of the Korean water deer and Reeves' muntjac was first identified. These results suggest that the immunolocalization of cytoskeletal proteins in both animals has similar patterns in the testis and epididymis. This localization pattern might be common in the cervid species. These results will contribute to the conservation and management of these two Asian cervid species. Comparison of immunolocalization of cytoskeletal proteins to that in other cervidae species including the Sika deer (Cervus nippon) will be necessary in future studies.
